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Abstract 
The effects of different ozone treatments on the sensory characteristics and pasting properties of cassava starch were 
studied. Cassava starch was humidified to obtain a final moisture content of approximately 30% and the product was 
exposed to ozone in gas form (14m3/hr) pumped into a horizontal dry mixer at approximate concentrations of 40 ppm 
for 30, 60, 90 and 120 min and 118 ppm for 30 and 60 min. The ozonized samples presented higher peak viscosities 
and lower cooking stability under agitation than the untreated and control samples. The treatments that affected the 
greatest number of viscoamylographic characteristics were at 40 ppm/90 min. and 118 ppm/60 min. On the other 
hand, the sample treated at 40 ppm/30 min. did not present any significant change on its pasting properties. For the 
sensory characteristics, the samples treated at 40 and 118 ppm for 30 min were scored as different from the untreated 
sample regarding the color and odor, and the sample treated at 40 ppm for 90 min was scored as different only 
regarding the odor. Previous work showed that ozone can be efficient to decrease starch microbial contamination. 
However, the ozone treatment partially changed the pasting properties and sensory characteristics of cassava starch. 
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1.Introduction 
The ozone is a strong antimicrobial agent with high reactivity and spontaneous decomposition to non-
toxic products [1]. Ozone has potential applications in the food industry and it can be applied to food in 
liquid and gaseous forms [2]. On the other hand, the starch is one of the most used ingredients in the food 
industry due to its capacity to impart structure, texture, consistency and appeal to many food systems [3]. 
Powdered ingredients such as starch have only a few alternatives to be disinfected for special uses. The 
ozone could be an alternative to reduce the bacterial load in starch, which is a material difficult to be 
sterilized. Previous works have shown that ozone is effective to decrease starch microbial contamination. 
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This work evaluated the effects of different ozone concentrations and exposure times on the sensory 
characteristics and pasting properties of cassava starch. 
2.Materials & Methods 
Cassava starch (11% moisture) was humidified to obtain a final moisture content of approximately 
30% and it was exposed to ozone in gas form (14 m3/h) pumped into a horizontal dry mixer at 
approximate concentrations of 40 ppm for 30, 60, 90 and 120 min and 118 ppm for 30 and 60 min. As a 
control, an experiment was carried out using only air at the same flow rate, and samples were taken at 30, 
60, 90 and 120 min of treatment. The samples were dried at 45°C for 24 h for dehydrate and preserve 
them, and their sensory characteristics and pasting properties were evaluated. To each process, 1 kg of 
starch was used and the treatments were carried out in duplicate. Cassava starch (as available for sale) 
was also analyzed and it was considered as a standard for comparison. 
2.1.Pasting properties 
Pasting properties were determined using a Rapid Visco Analyser (RVA model 3D, Newport 
Scientific, Sydney, Australia). The standard profile 1 of the RVA was employed. The analyses were 
carried out in duplicate. Analysis of variance (ANOVA) was performed to analyse data. Significant 
difference (p<0.05) between samples was determined with Tukey’s test. 
2.2.Sensory analysis 
The method used to sensory evaluation was the Multiple comparison test (or Difference-from-control 
test). The tests were based on the evaluation of the ozonized and control samples belonging at the same 
time of treatment (30, 60, 90 or 120 min). The untreated sample was designed “standard” and all other 
samples were compared with that in order to determine to how different each sample was from standard 
sample with regarding the color and odor. One standard sample codified was introduced between the test-
samples. To estimate the size of the difference among the test-samples and standard sample, the following 
scale was used: 0 = no difference, 1 = slightly different, 2 = moderately different, 3 = very different and 4 
= extremely different. Each sensory evaluation was carried out by 30 judges. The results obtained were 
analyzed statistically by analysis of variance (ANOVA) and a Dunnett’s test was applied to compare the 
means of the test-samples with the mean of the standard sample codified, according Meilgaard and Civille 
[4] and Instituto Adolfo Lutz [5]. 
3.Results & Discussion 
3.1.Pasting properties 
The results of the pasting properties of the untreated (standard), control and ozonized samples are 
shown on Table 1. 
As expected, the cassava starch presented high peak viscosity and accentuated breakdown, which is a 
feature of the starch source studied. 
The peak viscosity of the ozonized samples, with the exception of the sample treated at 40 ppm for 30 
min, was significantly higher than of the control and standard samples. These results are similar to those 
reported by An and King [6] that observed an increase in the peak viscosity of rice starch treated with 
ozone, which was attributed to the carboxyl groups formed during the treatment, which may have kept the 
starch molecules from associating to allow more water uptake by the granules during heating. 
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Altogether, the trough viscosity of the ozonized samples was relatively higher than of the non-treated 
samples. Nevertheless, only the ozonized samples at 40 ppm for 90 and 120 min differed significantly 
(p<0.05) from the control and standard samples.  
The cooking stability (evaluated by parameter breakdown) of the samples treated at 118 ppm ozone 
differed significantly from the control and standard samples. On the samples treated at 40 ppm, a 
difference with regarding the non-treated samples was observed only when the treatment duration was 60 
and 90 min.  
For final viscosity, there was only significant difference among standard and ozonized for 90 min 
samples. On the setback, there was only significant difference among the sample treated at 118 ppm of 
ozone for 60 min and control and standard samples. Therefore, it can be affirmed that the most intense 
ozonation treatment (118 ppm/60 min) promoted a change on the behavior of starch regarding its setback, 
decreasing significantly its retrogradation tendency. 
 
Table 1. Pasting properties of the samples studied 
Treatment 
Parameters 
Exposure time 
(minutes) 40 ppm 118 ppm Control 
Standard sample 
30 360.9 ± 6.1abA 382.3 ± 11.5aA 338.3 ± 3.1bA 
60 376.4 ± 2.8aAB 385.3 ± 8.8aA 335.0 ± 0.1bA 
90 377.5 ± 2.1aAB - 344.8 ± 2.5bA 
Peak viscosity 
(RVU) 
120 382.5 ± 7.3aB - 343.0 ± 11.4bA 
332.9 ± 5.4 
30 143.1 ± 4.3aA 128.8 ± 10.1aA 125.2 ± 4.0aA 
60 137.9 ± 0.4aA 123.8 ± 17.1aA 120.7 ± 3.8aA 
90 136.5 ± 0.2aA - 123.8 ± 2.8bA 
Trough 
viscosity 
(RVU) 
120 144.0 ± 0.8aA - 122.1 ± 1.5bA 
117.4 ± 1.9 
30 217.8 ± 1.8aA 253.5 ± 1.5bA 213.2 ± 0.9aA 
60 238.5 ± 2.4aB 261.5 ± 8.3bA 214.3 ± 3.8cA 
90 241.0 ± 2.3aB - 221.0 ± 0.3bA 
Breakdown 
(RVU) 
120 238.4 ± 6.5aB - 221.0 ± 9.8aA 
215.5 ± 3.5 
30 200.9 ± 5.9aA 188.1 ± 7.4aA 187.3 ± 7.5aA 
60 201.3 ± 2.4aA 148.8 ± 17.6bA 182.8 ± 1.1abA 
90 198.0 ± 5.9aA - 188.3 ± 1.1aA 
Final viscosity  
(RVU) 
120 195.4 ± 5.4aA - 180.0 ± 4.6aA 
178.1 ± 1.9 
30 57.8 ± 10.2aA 59.3 ± 2.7aA 62.1 ± 3.5aA 
60 63.5 ± 1.9aA 24.9 ± 0.6bB 62.0 ± 2.8aA 
90 61.6 ± 5.6aA - 64.5 ± 3.9aA 
Setback (RVU) 
120 51.4 ± 4.6aA - 57.9 ± 6.1aA 
60.7 ± 0.0 
30 67.8 ± 0.9aA 68.6 ± 2.1aA 68.3 ± 0.6aA 
60 67.1 ± 0.0aA 67.3 ± 0.9aA 68.2 ± 0.5aA 
90 67.8 ± 0.1aA - 68.7 ± 0.0bA 
Pasting 
temperature 
(º C) 
120 67.2 ± 0.3aA - 68.4 ± 0.7aA 
67.1 ± 0.1 
30 3.5 ± 0.2aA 3.6 ± 0.1aA 3.5 ± 0.1aA 
60 3.4 ± 0.0aA 3.3 ± 0.2aA 3.5 ± 0.0aA 
90 3.5 ± 0.1aA - 3.6 ± 0.0aA 
Peak time 
(minutes) 
120 3.5 ± 0.0aA - 3.5 ± 0.0aA 
3.6 ± 0.0 
Values are the mean of two processes and two determinations. For each parameter, values in the same row with the same 
lowercase letters and values in the same column with the same uppercase letters are not significantly different (p  0.05). 
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The pasting temperature of the ozonized and control samples, both processed for 90 min, differed 
significantly from that of the standard sample. The time to achieve the peak viscosity did not range with 
the different treatments employed. 
The effect of increase in exposure time was observed only for the parameters peak viscosity and 
breakdown, when the 40 ppm concentration was used, and for the setback, when the 118 ppm 
concentration was employed. 
3.2.Sensory analysis 
Figure 1 shows the mean notes, for the color attribute, of the samples evaluated. It can be observed 
that some judges did not identify the standard sample codified between the test-samples, as that sample 
obtained a mean of approximately 0.6. 
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Fig. 1. Mean values of the notes attributed to samples for the color attribute. Treated samples (ozonized and control) codified with 
different letters from the standard sample differed significantly from this 
 
For all samples treated for 30 min (ozonized at 40 and 118 ppm and control samples), there was 
significant difference (p<0.05) compared to standard sample. On the other hand, for the times of 60 and 
90 min, only the control sample was significantly different from the standard sample. For the time of 120 
min, any sample was indicated as different from the standard sample.  
Therefore, the results indicated that there was no significant difference among ozonized and standard 
samples regarding the color, with the exception of the samples treated at 40 and 118 ppm during 30 min 
that were scored as brighter than the untreated sample. 
Figure 2 shows the mean notes, for the odor attribute, of the samples evaluated. It can be observed 
that some judges did not identify the standard sample codified between the test-samples, as that sample 
obtained a mean of approximately 0.7. 
It is possible to observe that, as expected, the average score obtained for the ozonized sample at the 
highest concentration (118 ppm) was higher than the average score obtained for the ozonized sample at 
the lowest ozone concentration (40 ppm). 
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Fig. 2. Mean values of the notes attributed to samples for the odor attribute. Treated samples (ozonized and control) codified with 
different letters from the standard sample differed significantly from this 
 
For all samples treated for 30 minutes (ozonized at 40 and 118 ppm and control samples), there was 
significant difference (p<0.05) compared to standard sample. For the times of 60 and 120 min, any 
sample was indicated as different from the standard sample. On the other hand, for the time of 90 min, 
only the ozonized sample was significantly different from the standard sample.  
The effect of ozone on the odor attribute was more pronounced than on the color, and the samples 
treated at 40 ppm for 30 and 90 min and 118 ppm for 30 min were scored as different from the untreated 
sample regarding the odor. 
4.Conclusion 
Previous work showed that ozone can be efficient to decrease starch microbial contamination. 
However, the ozone treatment partially changed the pasting properties and sensory characteristics of the 
product. On the pasting properties, the effect of ozone was more evident on the peak viscosity and 
breakdown. The ozonized samples presented higher peak viscosities and lower cooking stability under 
agitation than the standard and control samples. The treatments that affected the greatest number of 
viscoamylographic characteristics were at 40 ppm/90 min. and 118 ppm/60 min. On the other hand, the 
sample treated at 40 ppm/30 min did not present any significant change on its pasting properties. On the 
sensory characteristics, the effect of ozone on the odor attribute was more pronounced than on the color. 
The samples treated at 40 and 118 ppm for 30 min were scored as different from the untreated sample 
regarding the color and odor, and the sample treated at 40 ppm for 90 min was scored as different only 
regarding the odor. 
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